IMAGE-PHOCESSING METHOD AND IMAGE PROCESSOR 



BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an image-processing method an4 image 
processor for filtering image data to operatiyely remove encoding-caused noises, 
[0003] 2. Description of the Related Art 

[0004] Encoded and decoded images over a videophone and a TV conference have 
heretofore been used to provide a reduced amount of image information in order to 
achieve efficient image transmission. 

[0005] A majority of such an image encoding-decoding method in recent years uses 
discrete cosine transform. 

[0006] The discrete cosine transfonn achieves a substantial reduction in image 
information amount. At the same time, the discrete cosine transform brings up a 
problem of peculiar Gaussian noise called mosquito noise. The noise appears on a 
decoded image, and spoils subjective image quality. 

[0007] The Gaussian noise as represented by the mosquito noise is removable using a 
spatial filter. The spatial filter functions to remove high-frequency components. 
[0008] The following specifically discusses filtering, in which image data having a 
QCIF (quarter common intermediate format) ?ize (144 lines by 176 pixels) is filtered 
as an illustration. Each group of three-pixels-by-three-pixels image data is filtered. A 
pixel located at the center of three pixels-by-three pixels has target image data subject 
to filtering. 

[0009] Fig. 25 is a block diagram illustrating a prior art image processor designed to 
filter target image data subject to filtering. 

[0010] As shown in Fig, 25, the prior art image processor includes a processor 500, an 
image memory 501, line buffers 502 and 504, and a filtering circuit 503. 
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[0011] The processor 500 includes a source memory 505 and a destination memory 
506. 

[0012] The processor 500 reads out encoded image data from the image memory 501 

and writes the sanie encoded image dats^ into the source memory 505. 

[0013] The processor 500 decodes the encoded image data in the source memory 505. 

[0014] The processor 500 at first stores the decoded image dat?i into the destination 

memory 506, and then transfers the same image data to the image memory 501. 

[0015] The decoded image data in the image memory 501 are filtered. 

[0016] In order to filter the decoded image data, 3 -lines-by- 176-pixels image data are 

transmitted to the line buflFer 502 fi-om the image memory 501. 

[0017] The line buffer 502 stores the transmitted 3-lines-by-176-'pixels image data, 

[0018] The filtering circuit 503 reads put the three pixels-by-three pixels image data 

from the line buffer 502 to filter a piece of target image data subject to filtering, 

[0019] The filtering circuit 503 repeats the above steps, thereby filtering 174-pieces of 

target image data subject to filtering that are stored in the line buffer 502. 

[0020] Image data located in a central line of 3-lines-by- 176-pixels (except for image 

data at opposite ends of the central line) among the 3-lines-by- 176-pixels image data in 

the line buffer 502 are target image data subject to filtering. 

[0021] The filtering circuit 503 feeds the filtered 174-pieces of image data into the line 
buffer 504. 

[0022] At the same time, the filtering circuit 503 feeds the image data at opposite ends 
of the central line as previously discussed into the line buffer 504 without filtering 
them. 

[0023] As a result, the line buffer 504 stores a line (176-pieces) of filtered image data. 
[0024] As discussed above, the past practice is to transmit the image data to the line 
buffer 502 for each group of 3-lines-by- 176-pixels, thereby filtering the QCIF-sized 
image data. 



[0025] Details of the filtering are now discussed. 

[0026] Fig. 26 is a block diagram illustrating the filtering circyit 503 as shown in Fig. 
25. Fig. 26 illustrates the s^me reference characters for the same components as those 
shown in Fig. 25. 

[0027] As shown in Fig, 26, the filtering circuit 503 includes a data readout unit 507, a 
filtering unit 508, and a data write unit 509. 

[0028] As shown in Fig, 26, assume that the line buffer 502 is designed to store the 
3-lines-by-176Tpi)^els image data at maximum. 

[0029] The data readout unit 507 reads out image data from the line buffer 502. 

[0030] The filtering unit 508 filters the read image data. 

[0031] The data write unit 509 writes the filtered image data to the line biif&r 504, 

[0032] The line bufl:er 504 is constructed to store a line (176-pixels) of image data at 

maximum. 

[0033] The prior art image processor repeats the following steps: the data readout 
unit 507 reads out three-pixels-by-three-pixels image data from the line buffer 502; the 
filtering unit 508 filters the read three pixels-by-three pixels image data; and the data 
write unit 509 writes a pixel to the line buffer 504. 

[0034] The following discusses the filtering with reference to a specific example. 
[0035] Fig. 27 is a descriptive illustration showing how image data in "N"-nne of a 
QCIF image are filtered in a conventional manner. 

[0036] Fig. 28 is a descriptive illustration showing how imag^ data in "N+r'-line of 
the QCIF image are filtered in a conventional manner 

[0037] As shown in Fig. 27, the data readout unit 507 reads out 

three-pixels'by-three-pixels image data 600 to perform the first filtering, 

[0038] The filtering unit 508 filters Image data (N, 2) using surrounding image data 

(N- 1, 1), (N, 1) (N+1, 1), (N-1, 2), (N+1, 2), (N-l, 3), (N, 3) and (N+1, 3), 

[0039] The data write unit 509 writes the filtered image data (FN, 2) to the line buffer 
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504, 

[0040] The data readout unit 507 reads out thfee-^pixels-by-three-pixels image data 601 
to execute the second filtering. 

[0041] The filtering unit 508 filters image data (N, 3) using surrounding image data 

(N- 1. 2), (N, 2) (N+1, 2), (N-1, 3), (N+1, 3), (N.l, 4), (N, 4) and (N+1, 4). 

[0042] The data write unit 509 writes the flltered image date (FN, 3) to the lin? bwfFer 

504. 

[0043] The above steps are repeated 174-times. As a result, the line buffer 504 store? 

'•N"-line of image date (N, 1), (FN, 2) to (FN, 175), and (N, 176), 

[0044] Upon completion of the filtering of the image date in "N"-line, image date in 

"N+1 "-line are filtered, as shown in Fig. 28. 

[0045] Deleting "N-1 "-line, "N+2"-line is added as the last line. 

[0046] In this way, lines to be filtered are selected in sequence to repeat the above 

steps. 

[0047] In general, pixels at both ends of the central line where surrounding pixels are 
absent are not filtered. In addition, pixels in the first line as well as the 144th line are 
not filtered. 

[0048] Accordingly, 142-lines-by- 174-pixels image date are filtered. This means that 
separate steps must be taken to decode the QCIF image. 

[0049] As previously discussed, filtering the image data using the prior art image 
processor requires one line buffer (the line buffer 502 according to the above example) 
adapted for plural lines (three lines according to the above example) and another line 
buffer (the line buffer 504 according to the abpve example) designed to store a line of 
filtered image data, in accordance with the number of pixels to be filtered at a time 
(three pixels-by-three pixels according to the above example). For deteils, refer to the 
published Japanese Patent Application Laid-OpenNo. 2000-251065. 
[0050] Such a requirement causes a problem of an area increase in an image processor. 
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[0051] Another problem is that the filtering of the image data is lengthy in time 
because each group of three^pixels-by-three-pixels image data is read out, for each 
occasion pf the filtering, frorn the line buffer 502 to repeat the above steps. For details, 
refer to the published Japanese Patent Application Laid-Open No, 7-1 1 1 586. 
[0052] Furthermore, in order to process edgewise pixels, only a predetermined number 
of pixels are processed. 

[0053] This causes a further problem that a change in image size precludes the 

filtering of the image data. 

OBJECTS AND SUMMARY OF THE INVENTION 

[0054] In view of the above, an object of the present invention is to provide an image 
processor and image-processing method for inhibiting an area increase in an image 
processor, processing image data in a reduced time, and coping with a change in image 
size. 

[0055] A first aspect of the present invention provides an image-processing rnethod 
comprising: transferring image data to a storage unit, the image data being formed by 
several pieces of image data, the image data being separated from several lines of 
image data; sequentially reading out the several pieces of image data from the storage 
unit; and filtering target image data subject to filtering using predetermined pieces of 
the read image data. 

[0056] The above method allows several lines of image data to be divided into 
partitions in accordance with the storage capacity of a destination or rather the storage 
unit in order to transfer the partitions to the storage unit. This feature eliminates a 
storage unit having large storage capacity sufficient to store the several lines of image 
data. Consequently, an area increase in an image processor is inhibited. 
[0057] The above method allows an existing storage unit to be used as a destination. 
This feature eliminates a dedicated storage unit designed for filtering, which serves as 
a destination. Consequently, an area increase in an image processor is again inhibited. 
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[0058] The above method sequentially reads out several pieces of image data from the 
storage unit. This feature filters several pieces of target image d|ata subject to filtering 
without reading out the same image data several times. As a result, the target image 
data subject to filtering can be filtered in a reduced time, 

[0059] The above method makes it feasible to filter the target image data subject to 
filtering without fixing the number of pixels in a line. This feature filters the target 
image data subject to filtering independently of an image size. 
[0060] A second aspect of the present invention is to provide an image-processing 
method comprising: sequentially entering several pieces of image data that are used 
to filter several pieces of target image data subject to filtering; shifting the sequentially 
entered several pieces of image data; parallel-feeding predetermined pieces of the 
shifted image data; and filtering the target image data subject to filtering using the 
parallel-fed predetermined pieces of the shifted image data. 

[0061] The above method sequentially reads out several pieces of image data fi-om the 
storage unit for use in filtering several pieces of target image data subject to filtering. 
This feature filters the several pieces of target image data subject to filtering without 
reading put the same image data several times. As a result, the target image data 
subject to filtering can be filtered in a shorter time. 

[0062] A third aspect of the present invention is to provide an image processor 
comprising: a first storage unit operable to store image data formed by several pieces 
of image data, the image data being separated from several lines of image data; a data 
readout unit operable to sequentially read out the several pieces of image data stored 
by the first storage unit; a filtering unit operable to filter target image data subject to 
filtering using predetermined pieces of the image data read out from the data readout 
unit; a second storage unit operable to store the filtered target image data subject to 
filtering; and a data write unit operable to write the filtered target image data subject to 
filtering to the second storage unit. 
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[0063] The above image processor allows several lines of image data to be divided into 
partitions in accordance with the storage capacity of a destination or rather th|e first 
storage unit in order to transfer the partitions to the first storage unit. This feature 
eliminates a first storage unit having large storage capacity sufficient to store the 
several lines of image data. 

[0064] The above image processor aUows an existing storage unit to be used as a 
destination or rather the first storage unit. This feature eliminates a dedicated first 
storage unit designed for filtering, which serves as a destination. 
[0065] The above image processor filters several pieces of target image data subject to 
filtering, which are included in image data separated from several lines of image data. 
This feature eliminates the need to provide a second storage unit having large storage 
capacity sufficient to store a line of image data. 

[0066] The above image processor allows an existing storage unit to be used as the 
second storage unit where the image data are written. This feature eliminates the need 
to provide a dedicated second storage unit designed for filtering, to which the image 
data are written. 

[0067] Consequently, the above features inhibit an area increase in an image processor. 
[0068] The above image processor sequentially reads out several pieces of image data 
from the first storage unit. This feature filters several pieces of target image data 
subject to filtering without reading out the same image data several times. As a result, 
the target image data subject to filtering can be filtered in a reduced time. 
[0069] The above image processor makes it feasible to filter the target image data 
subject to filtering without providing a fixed number of pixels in a line. This feature 
filters the target image data subject to filtering independently of an image size. 
[0070] A fourth aspect of the present invention is to provide an image processor as 
defined in the third aspect of the present invention, wherein the filtering unit comprises 
a data output control unit operable to feed filtered target image data subject to filtering, 
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but operable not to feed a precletermined piec? of non-filtered image data in 
accordance with mode information. 

[0071] According to the s^bove image processor, the data output control unit removes 
unnecessary image data produced in the course of filtering the target image data 
subject to filtering. As a result, only the required image data are provided. This feature 
produces line data in a reduced time, 

[0072] A fifth aspect of the present invention is to provide an image processor as 
defined in the third aspect of the present invention, wherein the filtering unit comprises 
a data output control unit operable to practice a countdown from an initial value each 
time when the image data is fed, the initial value being determined in accordance with 
the number of pixels to be processed, the data output control unit being operable to 
feed only a predetermined piece of non-filtered image data as well as filtered target 
image data subject to filtering in accordance with results from the cquntdown. 
[0073] According to the above image processor, the data output cpntrol unit removes 
unnecessary image data produced in the course of filtering the target image data 
subject to filtering. As a result, only the required image data are provided. This feature 
produces line data in a reduced time. 

[0074] The above image processor initially sets up the number of pixels to be 
processed, Such a simple setup provides subsequent edgewise pixel processing. This 
feature allows edgewise pixel-processing information to be set up a smaller number of 
times. 

[0075] A sixth aspect of the present invention is to provide an image processor as 
defined in the third aspect of the present invention, wherein the filtering unit comprises 
a image data-retaining unit operable to retain several pieces of image data for use at the 
time of the next filtering, the several pieces of image data for use at the time of the 
next filtering being selected from among several pieces of image data read out by the 
data readout unit froip the first storage unit. 
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[0076] At the end of the present filtering, the above imaige processor retains image 4^ta 
required for the foHowing filtering, thereby using the retained image data at the time of 
the following filtering. This feature allows the data to be transferred a smaller number 
of times. 

[0077] Embodjrnents of the present invention exemplify a QCIF (quarter common 
intermediate format) size in which image data to be filtered consists of 
1 44-1 ines-by- 1 76^pixels, 

[0078] In the 144-lineS'by-176 pixels QCIF size, linearly aligned 176-^pixels forms ?i 
line; ^nd a plurality of the lines are arranged in parallel to form 144rlines, thereby 
providing an image plane. 

[0079] The above, and other objects, features and advantages of the present invention 
will become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0080] Fig. 1 is a block diagram illustrating an image processor according to a first 
embodiment of the present invention; 

[0081] Fig. 2 is a schematic illustration showing how the image processor according to 
the first embodiment filters image data; 

[00?2] Fig. 3(a) is an illustration showing a flow of the first filtering provided by the 
image processor according to the first embodiment; 

[0083] Fig. 3(b) is an illustration showing a flow of the second filtering provided by 
the image processor according to the first embodiment; 

[0084] Fig. 3(c) is an illustration showing a flow of the third filtering provided by the 
image processor according to the first embodiment; 

[008S] Fig. 4 is a block diagram illustrating a filtering circuit of the image processor 
according to the first embodiment; 
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[0086] Figs. 5(a), 5(b), and 5(c) are descriptive illustrations showing the first filtering 

provided by the image processor according to the first embodiment; 

[0087] Figs. 6(a), 6(b), md 6(c) are descriptive Illustrations showing the secon^J 

filtering provided by the image processor according to the first embodiment; 

[0088] Figs, 7(a), 7(b), and 7(c) are descriptive illustrations showing the third filtering 

provided by the Image processor according to the third embodiment; 

[0089] Fig. 8(a) is an illustration showing a flow Qf the first filtering provided by an 

image processor according to a second embodiment; 

[0090] Fig, 8(b) is an illustration showing a flow of the second filtering provided by 
the image processor according to the second embodiment; 

[0091] Fig, 8(c) is an illustration showing a flow of the third filtering provided by the 

image processor according to the second embodiment; 

[0092] Fig. 9 is a block diagram illustrating a filtering circuit of the image processor 
according to the second embodiment; 

[0093] Figs. 10(a), 10(b)^ 10(c), 10(d), and 10(e) are descriptive illustrations showing 
the first filtering provided by the image processor according to the second 
embodiment; 

[0094] Figs. ll(a)j 11(b), 11(c), 11 (d), and 11(e) are descriptive illustrations showing 
the first filtering provided by the image processor according to the second 
embodiment; 

[0095] Figs. 12(a), 12(b), 12(c), 12(d), and 12(e) are descriptive illustrations showing 
the third filtering provided by the image processor according to the second 
embodiment; 

[0096] Fig. 13(a) is a descriptive illustration showing mode information 2'bOO in the 
image processor according to the second embodiment; 

[0097] Fig. 13(b) is a descriptive illustration showing mode information 2-bOl in the 
image processor according to the second embodiment; 
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[0098] Fig. 13(c) is a descriptive illustration showing mode information 2*bl0 in the 
image processor acpording to the second embodiment; 

[0099] Fig. 13(d) is a descriptive illustration showing mode information 2*bll in the 

image processor according to the second embodiment; 

[0100] Fig, 14(a) is a descriptive illustration showing the usage of mode information 

2'bOl in the image processor according to the second embodiment; 

[0101] Fig. 14(b) is a descriptive illustration showing the usage of mode information 

2'bl I in the image processor according to the second embodiment; 

[0102] Fig. 14(c) is a descriptive illustration showing the usage of mpde information 

2'blO in the image processor according to the secpnd embodiment; 

[0103] Fig. 15 is a block diagram illustrating a filtering circuit of an image processor 

according to a third embodiment; 

[0104] Fig. 16 is a schematic illustration showing how the image processor according 
to the third embodiment filters image data; 

[0105] Fig. 17(a) is an illustration showing a flow of the first filtering provided by the 
image processor according to the third embodiment; 

[0106] Fig. 17(b) is an illustration showing a flow of the second filtering provided by 
the image processor according to the third embodiment; 

[0107] Fig. 17(c) is an illustration showing a flow of the third filtering provided by the 
image processor according to the third embodiment; 

[0108] Figs. 18(a), 18(b), and 18(c) are descriptive illustrations showing characteristics 
of Altering steps taken by the image processor according to the third embodiment; 
[0109] Fig. 19 is a block diagram illustrating a Altering circuit of an image processor 
according to a fourth embodiment; 

[0110] Fig. 20 is a schematic illustration showing how the image processor according 
to the fourth embodiment filters image data; 

[0111] Fig. 21(a) is an illustration showing a flow of the first filtering provided by the 
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image processor according to the fourth embodiment; 

[0112] Fig, 21(b) is an illustration showing a flow of the second filtering provided by 
th^ image processor according to the fourth embodiment; 

[0113] Fig, 21(c) is an illustration showing a flow of the third filtering provided by the 
image processor according to the fourth embodiment; 

[0114] Figs. 22(a), 22(b), 22(c), 22(d), and 22(e) are descriptive illustrations showing 
the first filtering provided by the image processor according to the fourth embodiment; 

[0115] Figs. 23(a), 23(b), 23(c), 23(d), 23(e), and 23(f) are descriptive illustrations 
showing the second filtering provided by the image processor according to the fourth 
embodiment; 

[0116] Figs. 24(a), 24(b), 24(c), 24(d), 24(e), and 24(f) are descriptive illustrations 
showing the third filtering provided by the image processor according to the fourth 
embodiment; 

[0117] Fig. 25 is a block diagram illustrating a prior art image processor; 

[0118] Fig. 26 is a block diagram illustrating a filtering circuit of the prior art image 

processor; 

[0119] Fig, 27 is a descriptive illustration showing how the prior art image processor 
filters "N"-line of target pixels subject to filtering; and, 

[0120] Fig. 28 is a descriptive illustration showing how the prior art image processor 

filters "N+r'-line of target pixels subject to filtering. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0121] Embodiments of the present invention are discussed in accordance with the 

accompanying drawings. 

[0122] (First Embodiment) 

[0123] Fig. 1 is a block diagram illustrating an image processor according to a first 
embodiment. 

[0124] As illustrated in Fig. 1, the image processor includes a processor 1, an image 
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memory 2, and a filtering Qircuit 3. 

[0125] The processor 1 includes a source memory 10, a destination memory 11, and a 
control unit 12. 

[0126] Next, the entire behavior of the image processor is briefly discussed. 

[0127] The processor 1 reads put encoded image data from the image memory 2 and 

writes the 5ame encoded image data into the source memory 10. 

[0128] The processor 1 decodes the encoded image data in the source memory 10. 

[0129] The processor 1 at first places the decoded image data into the destination 

memory 11, and then transfers the same image data to the image memory 2 from the 

destination memory 11. 

[0 1 30) The decoded image data transferred to the image memory 2 is filtered. 

[0131] In order to filter the decoded image data, 3-lines-by- 176-pixels image data are 

divided into partitions in accordance with the storage capacity of the source memory 

10. The divided image data are transmitted to the source memory 10. 

[0132] The control unit 12 reads out the divided image data from the source memory 

10, and then transmits the same image data to the filtering circuit 3. 

[0133] The filtering circuit 3 filters the divided image data to remove noises. 

[0134] The control unit 12 writes the divided image dat^ free of the noises to the 

destination memory 11, and further to the image memory 2, 

[0135] The above steps are repeated to remove the noises from QClF-sized image data, 
[0136] An image output circuit (ngt shown) feeds the image data free of the noises into 
a display device (not shown) from the image memory As a result, the image data 
free of the noises are displayed on the display device (not shown), The display device 
is, e.g., an LCD (liquid crystal display). 
[0137] Next, the filtering is briefly discussed. 

[0138] Fig. 2 is a schematic diagram illustrating how the image processor according to 
the present embodiment filters the image data. 
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[0139] Assume that the image memory 2 of Fig. 1 stores the decoded, QCIF-sized 
Image data. 

[0140] For convenienqe of description, Fig. 2 illustrates 3-lines-by'17$'-piwls imJige 
data 100 among the QCIF-sized image data stored in the image memory 2. 
[0141] In Fig. 2, each piece of image data is illustrated as a circle. A circle filled with 
slanted lines denotes im^ge data to be filtered (hereinafter called "target image data 
subject to filtering"). A blacked put circle denotes filtered target image dfita subject to 
filtering (hereinafter simply called "filtered image data"). 

[0142] In Fig. 2, the source memory 10 of Fig, 1 has a storage capacity sufficient to 
store three-pixels-by-six-pixels image data at maximum. 

[0143] Each group of three-pixels-by-three-pixels image data i§ filtered. A pixel 
located at the center of three pixels-by-three pixels has target image data subject to 
filtering, 

[0144] As illustrated in Fig. 2, three-pixels-by-five-pixels image data 101 divided fi'om 
the S-lines-by-l 76-pixels image data 100 is at first transferred to the source memory 10 
from the image memory 2. 

[0145] The image data 101 is sent, for e^ch piece of image data, from the source 
memory 10 to the filtering circuit 3. 

[0146] The filtering circuit 3 filters a piece of target image data subject to filtering 
using the given three-pixels-by-three-pixels image data. 

[0147] In thi$ way, all three pieces of target image data subject to filtering in the ' image 
data 101 are filtered. 

[0148] Three-pixels-by-six-pixels image data 102 divided from the 
3-1 ines-by- 176-pixels image data 100 is transferred to the source memory 10 from the 
image memory 2. 

[0149] The image data 102 is sent, for each piece of image data, from the source 
memory 10 to the filtering circuit 3. 



14 



[0150] The filtering gircuit 3 filters a piece of target image data subject to filtering 
using the given three-pixels-by-three-pixels image data. 

[0151] In this way, all four pieces of target image data subject to filtering in the Image 
data 102 are filtered. 

[0152] The abov? step^ are repeated to filter ^11 target ini»ge data subject to filtering in 

the 3-lines-by-176-pixels image data 100. 

[0153] As a result, a line of filtered image data 10? is obtained. 

[0154] In the image data 100, image data in a second line at the both ends thereof are 

not filtered, 

[0155] Details of the filtering are now discussed with reference to Figs. 1, 3, 4, 5, 6, 
and 7, in which the source memory 10 is designed to store 3-lines-by-64-pixels image 
data at maximum. 

[0156] Each group of three-pixels-by-three-^pixels image data js filtered, A pixel 
located at the center of three pixels-by-three pixels has target image data subject to 
filtering. 

[0157] Figs. 3(a), 3(b), and 3(c) are illustrations showing a flow of filtering steps. Fig. 
3(a) is an illustration showing a flow of first filtering, Fig. 3(b) i? an illustration 
showing a flow of second filtering. Fig. 3(c) is an illustration showing a flow of third 
filtering. Fig. 3 illustrates the same reference characters for the same components as 
those described in Fig. 1. 

[0158] Fig. 4 is a block diagrarn illustrating the filtering circuit 3 of Fig, K As 
illustrated in Fig, 4, the filtering circuit 3 includes a shift register 30 and a filter 
calculator 3 1 . The shift register 30 includes nine flip-flops FFl to FF9. 
[0159] The filter calculator 31 sometimes feeds image data designated by sign The 
filter calculator 31 feeds unfiltered image data as well as filtered image data. The 
unfiltered image data is discussed later. 

[0160] Fig. 5(a), 5(b), and 5(c) are time charts showing the first filtering. Fig. 5(a) is an 
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illustration showing, for each cycle, imftge data sent to the filter calculator 31 of Fig. 4. 
Fig, 5(b) is an illustration showing filtered image data fed from the filter calculator 31. 
Fig. 5(c) is an illustrating showing an effective data-indicating signal fed from the filter 
calculator 3 1 . 

[0161] Fig. 6(a), 6(b), and 6(c) are time charts showing the second filtering, Fig. 6(a) is 
an illustration showing, for each cycle, image data sent to the filter calculator 31. Fig. 
6(b) is an illustration showing filtered image data fed from the filter calculator 31, Fig. 
6(c) is an illustrating showing an effective data-indicating signal fed from the filter 
calculator 31. 

[0162] Fig, 7(a), 7(b), and 7(c) are time charts showing the third filtering, Fig. 7(a) is 
an illustration showing, for each cycle, image data sent to the filter calculator 31. Fig. 
7(b) is an illustration showing filtered image data fed from the filter calculator 31. Fig. 
7(c) is an illustrating showing an effective data-indicating signal fed from the filter 
calculator 31. 

[0163] The following discusses details of the first filtering with reference to Fig. 3(a), 
Fig. 4, and Figs. 5(a) to 5(c). The first filtering refers to filtering using image data that 
covers from the first pixel to the sixty-fourth pixel. These pixels are separated from the 
3-lines-by-l 76-pixels image data among the QCIF-sized image data. 
[0164] As illustrated in Fig. 3(a), the image memory 2 of Fig. 1 transmits 
3'pixels-by-64-pixels image data to the source memory 10, in which the transmitted 
3«*pixels-by-64-pixels image data are stored. 

[0165] The stored image data is obtained by dividing the 3p!ines-by-l 76-pixels image 
data among the QCIF-sized image data in the image memory 2 in accordance with the 
storage capacity of the source memory 10, 

[0166] The stored image data consists of 192-pieces of image data; (N-1, 1) to (N-1, 
64); (N, 1) to (N, 64); and (N+1, 1) to (N+1, 64). 

[0167] The above image data includes target image data subject to filtering as 
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illustrated by (N, 2) to (N, 63), 

[0168] For convenience of description, the ijnage data from (N-1, 1) to (N+1, 64) in 

the source memory 10 are sometimes designated as image data "D". 

[0169] The data readout unit 120 reads out 3-pixels-by-64^pixels image data from the 

source memory 10. Mlore specifically, the image data are ros^d out up to (N-1, 64), (N, 

64), and (N+1, 64) in the order of (N-1, 1), (N, 1), (N+1, 1), (N-l, 2), (N, 2), (N+1, 2), 

(M-1, 3), (N, 3), (N+1, 3), (N-1, 4), (N, 4), (N+1, 4), and so on. 

[0170] The data readout unit 120 feeds the read image data "D" in sequence into the 

filtering circuit 3. 

[0171] Pursuant to the present embodiment, the control unit 12 of Fig. 1 functions as 
the data readout unit 120. 

[0172] The filtering circuit 3 in receipt of filtering start signal "Ss" from the data 
readout unit 120 sequentially receives image data "D" from the source memory 10. 
Filtering start signal "Ss" directs the filtering circuit 3 to start the filtering. 
[0173] As illustrated in Fig. 4, the shift register 30 sequentially receives image data 
"D". The shift register 30 provides a shift action in accordance with clock "CLK". 
[0174] Flip-flops "FFl" to "FF9" feed the retained image data "Dl" to in parallel 
into the filter calculator 31. 

[0175] The filter calculator 31 filters the target image data subject to filtering using the 
nine pieces of image data "Dl" to "D9", thereby providing a piece of filtered image 
data D# as a result of the filtering. 

[0176] Image data "D" from the source memory 10 sequentially enters the shift register 
30. As a result, all of the target Image data subject to filtering included in the image 
data in the source memory 10 are filtered, thereby providing filtered image data "D#". 
[0177] The data write unit 121 of Fig. 3(a) sequentially writes filtered image data D# 
to the destination memory 11 of Fig. 1 in accordance with effective data-indicating 
signal "SE" from the filter calculator 31. 
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[0178] According to the present embodiment, the control unit 12 of Fig. 1 functions as 
the data write unit 121. 

[0179] The following discusses further specific step$ taken by the filtering circuit 3, 
[0180] As illustrated in Fig. 5(a), at cycle "CYl", the shift register 30 feeds nine pieces 
of serially aligned image data (N-1, 1) to (N+l, 3) into the filter calculator 31 in 
parallel. 

[0181] The filter calculator 31 filters target im^ge data subject to filtering (N, 2) using 
the nine pieces of image data (N-l, 1) to (N+1, 3), thereby providing filtered image 
data (FN, 2) as shown in Fig, 5(b). 

[0182] As illustrated in Fig. 5(c), the data write unit 121 writes filtered image data (FN, 

2) to the destination memory 11 in accprdance with eflfective data-indicating signal 
"SE" from the filter calculator 31. 

[0183] The data write unit 121 performs the writing when eflfective data-indicating 
signal "SE" is at the level of "H (high)", 

[0184] As shown in Fig, 5(a), at the next cycle "CY2". the shift register 30 feeds nine 
pieces of image data (N, 1) to (N-1, 4) in parallel. 

[0185] At the following cycle "Cy3", the shift register 30 feeds nine pieces of image 
data (N+1, 1) to (N, 4) in paralleL 

[0186] At cycle "CY4", the shift register 30 feeds nine pieces of image data (N-1, 2) to 

(N+1, 4) in parallel, 

[0187] The filter calculator 31 filters target image data subject to filtering (N, 3) using 
nine pieces of image data (N-1, 2) to (N+1, 4), thereby providing filtered image data 
(FN, 3) as shown in Fig. 5(b). 

[0188] As illustrated Fig. 5(c), the data write unit 121 writes filtered image data (FN, 

3) to the destination memory 11 in accordance with eflfective data-indicating signal 
"SE" from the filter calculator 31. 

[0189] The above steps are repeated until filtering end signal "Se" enters the filtering 
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circuit 3 from the data readoyt unit 120. 

[0190] Mope specifically, as shown in Fig, S(a), the filtering circuit 3 repeats the 
filtering sixty-two times (where each time constists of three cycles), thereby providing 
sixty-two pieces of filtered image data (FN, 2) to (FN, 63), As a result, the destination 
memory 1 1 stores filtered image data (FN, 2) to (FN, 63), 

[0191] As illustrated in Fig. S(b), the filter calculator 31 feeds and non-filters two 
pieces of image data (N, 1) and (N, 64) among the image data in the source memory 10 
of Fig. 3(a). Image data (N, 1) and (N, 64) are located in the central line of the image 
data in the source piemory 10 at both ends of the central line. 
[0192] The data write unit 121 writes the non-flltered image data (N, 1), (N, 64) to the 
destination memory 11 in accordance with effective data-indication signal "SE" as 
shown in Fig. 5(c). 

[0193] As a result, as illustrated Fig. 3(a), the destination memory 11 stores the filtered 
im£ige data (FN, 2) to (FN, 63) and the non.filtered image data (N, 1), (N, 64). 
[0194] The image data consisting of (FN. 2) to (FN, 63), (N, 1), and (N, 64) as just 
discussed are transmitted to the image memory 2. 

[0195] The following discusses details of the second filtering with reference to Figs. 
3(b), Fig. 4, and Fig. 6. The second filtering refers to filtering using image data that 
covers from the sixty-third pixel to the one hundred and twenty-sixth pixel. These 
pixels are separated from the 3-lines-by-l 76-pixels image data among the QCIF-si?ed 
imagpdata. 

[0196] As illustrated in Fig. 3(b), the image memory 2 of Fig. 1 transmits 
3-pixels-by-64-pixels imagQ data to the source memory 10, in which the transmitted 
3-pixel$='by-64-pixels image data is stored. 

[0197] The stored image data is obtained by dividing the 3'-lines^by- 176-pixels image 
data among the QCIF-sized image data in the image memory 2 in accordance with the 
storage capacity of the source memory 10, 
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[0198] The stored image data consists of |92rpieQes of image data: (N-1, 63) to 0^-1, 
126); (N, 63) to (N, 126); (N^l, 63) to (N+1, 126). 

[0199] The above image data includes target ima|e data subject to filtering (N, 04) to 
(N, 125). 

[0200] For convenience of description, the image data of (N-1, 63) to (N+1, 126) in the 
spurce memoiy 10 are sometimes designated as image data "D", 
[0201] The d^ta readout unit 120 reads put 3-plxels-by-64-pixels image d?ita from the 
source memory 10, More specifically, the image data are read out up to (N-1, 126), (N, 
126), and (N+1, 126) in the order of (N-1, 63), (N, 63), (N+1, 63), (N-1, 64), (N, 64), 
(N+1, 64), (N.l, 65), (N, 65), (N+1, 65), (N-1, 66), (N, 66), (N+1, 66), and so on. 
[0202] The data readout unit 120 feeds the read im^ge data (N-1, 63) etc. in sequence 
into the filtering circuit 3. 

[0203] As illustrated in Fig. 6(a), at cycle "CYr*, the shift register 30 feeds nine pieces 
of serially aligned image data (N-1, 63) to (N+1, 65) into the filter calculator 31 in 
parallel. 

[0204] The filter calculator 31 filters target image data subject to filtering (N, 64) using 
the nine pieces of image data (NA, 63) to (N+1, 65), thereby providing filtered image 
data (FN, 64) as shown in Fig. 6(b). 

[0205] A? illustrated in Fig. 6(c), the data write unit 121 writes the filtered image dffta 
(FN, 64) to the destination memory 11 in accordance with effective data«^indicating 
signal "SE" from the filter calculator 31. 

[0206] As shown in Fig. 6(a), at the next cycle "CY2", the shift register 30 feeds nine 
pieces of image data (N, 63) to (N-1, 66) in parallel. 

[0207] At the following cycle "CY3", the shift register 30 feeds nine pieces of image 
data (N+1, 63) to (N, 66) in parallel. 

[0208] At cycle "CY4", the shift register 30 feeds nine pieces of image data (N-1, 64) 
to (N+1, 66) in parallel. 



20 



[0209] The filter calculator 31 filters target image data subject to filtering (N, 65) using 
the nine pieces of image data (N-1, 64) to (N+1 ? 66), thereby providing filtered image 
data (FN, 65) as shown in Fig. 6(b). 

[0210] As illustrated Fig. 6(c), the data write unit 121 writes filtered image data (FN, 
65) to the destination memory 11 in accordance with effective data-indicating signal 
"SE" from the filter calculator 31. 

[0211] The above steps are repeated until filtering end signal "Se" enters the filtering 
circuit 3 from the data readout unit 120. 

[0212] More specifically, as shown in Fig. 6(a), the filtering circuit 3 repeats the 
filtering sixty-two times (where each time constists of three cycles), thereby providing 
sixty-two pieces of filtered image data (FN, 64) to (FN, 125). As a result, the 
destination memory 11 stores filtered image data (FN, 64) to (FN, 125). 
[0213] As shown in Fig. 6(b), the filter calculator 31 feeds and non-filters two pieces 
of image data (N, 63) and (N, 126) among the iniage data in the source memory 10 of 
Fig. 3(a), Image data (N, 63), (N, 126) are located in the central line of the image data 
in the source memory 10 at both ends of the central line. 

[0214] The data write unit 121 writes the non-filtered image data (N, 63), (N, 126) to 
the destination memory 1 1 in accordance with effective data-indication signal "SE" as 
shown in Fig. 6(c). 

[0215] As a result, as illustrated Fig, 3(b), the destination memory 11 stores the filtered 
image data (FN, 64) to (FN, 125) and the non-filtered image data (N, 63), (N, 126). 
[0216] The image data of (FN, 64) to (FN, 125), (N, 63), and (N, 126) as dispussed 
above are transmitted to the image memory 2. 

[0217] The following discusses details of the third filtering with reference to Fig. 3(c), 
Fig. 4, and Fig. 7, The third filtering refer tp filtering using image data that covers from 
the one hundred and twenty-fifth pixel to the one hundred and seventy-sixth pixel. 
These pixels are separated from the 3-lines-by- 176-pixels image data among the 
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QCIF-sized image data. 

[0218] As illustrated in Fig, 3(c), the image memory 2 of 1 transmits 
3-pixels-by-52-pixeis image data to the source memory 10, in which the transmitted 
3-pixels-by-52-pixels image data are stored. 

[0219] The stored image data is obtained by dividing the 3-lines-by- 176-pixels image 
data among the QCIF-sized image data in the image memory 2 in accordance with the 
storage capacity of the source memory 10. 

[0220] The stored image data consists of 156-pieces of image data; (N-1, 125) to (N-1, 
176); (N, 125) to (N, 176); (N+1, 125) to (N-hl, 176). 

[0221] The above image data includes target image data subject to filtering (N, 126) to 
(N, 175), 

[0222] For convenience of description, the image data of (N-1, 125) to (N+l, 176) in 
the source memory 10 are sometimes designated as image data "D". 
[0223] The data readout unit 120 reads out 3-pixeI$-by-52-pixel$ image data from the 
source memory 10. More specifically, the image data are read out up to (N-U 176), (N, 
176), and (N+1, 176) in the order of (N-i, 125), (N, 125), (Nh^I, 125), (N^l, 126), (N, 
126), (N+1, 126), (N-1, 127), (N, 127), (N+1, 127), (N-l, 128), (N, 128), (N+1, 128), 
and so on. 

[0224] The data readout unit 120 feeds the read image data (N-1, 125) etc. in sequence 
into the filtering circuit 3. 

[0225] As illustrated in Fig. 7 (a), at cycle "CYl", the shift register 30 feeds nine 
pieces of serially aligned image data (N-1, 125) to (N+1, 127) into the filter calculator 
31 in parallel. 

[0226] The filter calculator 31 filters target image data subject to filtering (N, 126) 
using nine pieces of image data (N-^1, 125) to (N+1, 127), thereby providing filtered 
image data (FN, 126) as shown in Fig. 7 (b). 

[0227] As illustrated in Fig. 7 (c), the data write unit 121 writes the filtered image data 
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(FN, 126) to the destination memory 11 in accordance with effective data-indicating 
signal "SE" from the filter calculator 31. 

[0228] As shown in Fig. 7 (a), at the next cycle XY2", the shift register 30 feeds nine 
pieces of image data (N, 125) to (N-1, 128) in parallel. 

[0229] At the following cycle "CY3", the shift register 30 feeds nine pieces of image 
data (N+1, 125) to (N, 128) in parallel. 

[0230] At cycle the shift register 30 feeds nine pieces of image data (N-l, 126) 

to CN+l, 128) in parallel. 

[0231] The filter calculator 31 filters target image data subject to filtering (N, 127) 
using the nine pieces of image data (N-1, 126) to (N+1, 128), thereby providing 
filtered image data (FN, 127) as shown in Fig. 7 (b). 

[0232] As illustrated Fig, 7 (c), the data write unit 121 writes filtered image data (FN, 
127) to the destination memory 11 in accordance with effective data-indicating signal 
"SE" from the filter calculator 31. 

[0233] The above steps are repeated until filtering end signal "Se" enters the filtering 
circuit 3 from the data readout unit 120. 

[0234] More specifically, as shown in Fig. 7 (a), the filtering circuit 3 repeats the 

filtering fifty times (where each time constists of three cycles), thereby providing fifty 

pieces of filtered image data (FN, 126) to (FN, 175). As a result, the destination 

memory 11 stores the filtered image data of (FN, 126) to (FN, 175). 

[0235] As illustrated in Fig. 7 (b), the filter calculator 31 feeds and non-filters two 

pieces of image data (N, 125) and (N, 176) among the image data in the source 

memory 10. Image data (N, 125) and (N, 176) are located in the central line of the 

image data in the source memory 10 at both ends of the central line. 

[0236] The dat? write unit 121 writes the non-filtered image data (N, 125), (N, 176) to 

the destination memory 1 1 in accordance with effective data^indication signal "SE" as 

shown in Fig. 7 (c). 
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[0237] Consequently, as illustrated Fig. 3 (c), the destination memory 11 stores the 
filtered image data of (FN, 126) to (FN, 175) and the non-filtered image data of (N, 
125), (N, 176). 

[0238] The image cjata of (FN, 126) to (FN, 175), (N, 125), and (N, 176) are 
transmitted to the image memory 2. 

[0239] As a result, the image memory 2 stores; filtered image data (FN, 2) to (FN, 63) 
and non.filtered image data (N, 1), (N, 64); filtered image data (FN, 64) to (FN, 125) 
and non-filtered image data (N, 63), (N, 126); and filtered image data (FN, 126) to (FN, 
175) and non-filtered image data (N, 125), and (N, 176). 

[0240] The processor 1 removes imnecessary image data (N, 64), (N, 63), (N, 126), 
and (N, 125), thereby forming line data that consists of image data from (N, 1), (FN, 2) 
to (FN, 175), and (N, 176). 

[0241] In this way, an image output circiiit (not shown) feeds a subsequently created 
series of line data from the image memory 2 to a display device (not shown), thereby 
displaying the line data on the display device (not shown). 

[0242] As described above, the inriage processor according to the present embodiment 
divides three-lines image data into partitions in accordance with the storage capacity of 
the source memory 10 to place the partitions into the source mcmpr>' 10 in order to 
perform filtering calculation. 

[0243] This feature eliminates a buffer for three lines (see a line buffer 502 of Fig. 25), 
to which image data are transferred from the image memory 2 to filter the image data, 
and a buffer for a single line (see a line buffer 504 of Fig. 25) to store filtered image 
data. This means that a reduced area of an image processor is achievable. 
[0244] A prior art image processor reads out image data for each group of three 
pixels-by-three pixels to filter the image data (see Figs, 27 and 28), Different fi-om the 
prior art image processor, the image processor according to the present embodiment is 
operable to sequentially read out several pieces of image data from the source memory 
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10. This feature makes it feasible to filter several pieces of target image data subject to 
filtering without the need to read put the same image data several times. As a result, the 
target image data subject to filtering can be filtered in a shorter time. 
[0245] The image processor according to the present embodinient is operable to filter 
the target image data subject to filtering without providing a fixed number of pixels in 
a line. This me^s that the target image data subject to filtering can be filtered 
independently of an image size. 

[0246] The present embodiment illustrates the QCIF-sized image as a target to be 
filtered. However, the present embodiment is not limited thereto. 
[0247] Assume that "p"-lines-by-"q"-pixels image data are to be filteredi and further 
that each group of "P"-pixelsrby-"Q"-pixels is filtered. The "p^'-lines-by-^q'^pixels 
image data is divided into several partitions in accordance vyith the storage capacity of 
the source memory 10. "P"-pixels-^by-"Y"'-pixels image data is transmitted to the 
source memory 10. As a result, filtering calculation is achievable, 
[0248] (Second Embodiment) 

[0249] An image processor according to a second embodiment includes a filtering 
circuit 4 substituted for the filtering circuit 3 of Fig, I. The filtering circuit 4 is 
discussed belpw. The image processor according to the present embodirnent is siniilar 
in construction to the image processor of Fig. 1 except for the filtering circuit just 
discussed above. 

[0250] Figs. 8(a), 8(b), and 8(c) are illustrations showing a fiow of filtering steps. Fig. 
8(a) is an illustration showing a flow of the first filtering, Fig. 8(b) is an illustration 
showing a fiow of the second filtering. Fig. 8(c) is an illustration showing a fiow of the 
third filtering. Fig. 8 illustrates the same reference characters on components similar to 
those shown in Fig. 1. 

[0251] Fig. 9 is a block diagram illustrafing the filtering circuit 4. As shown in Fig. 9, 
the filtering circuit 4 includes a data output control unit 80 other than the same 
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components as those of the filtering circuit 3 of Fig. 4. 

[02^2] The data output control unit 80 includes a register 33 ^nd an edgewise pixel 
processor 32. The edge>yise pixel processor 32 processes edgewise pixels. 
[0253] The edgewise pixel processor 32 sometimes feeds image data designated as "$", 
The edgewise pixel processor 32 feeds filtered image data as well as non-filtered 
image d£ita as discussed later. 

[0254] Figs. 10(a), 10(b), 10(e), 10(d), and 10(e) are time charts illustrating the first 
filtering. Fig. 10(a) is an illustration showing, for each cycle, image data provided to a 
filter calculator 31 of Fig, 9. Fig, 10(b) is an illustration showing image data fed fi-pm 
the filter calpylator 31. Fig. 10(c) is an illustration showing an effective data-indicating 
signal from the filter calculator 31. Fig. 10 (d) is an illustration showing irnage data 
written by a data write unit 121 to a destination memory 11. Fig. 10 (e) is an 
illustration showing a write-indicating signal from the edgewise pixel processor 32. 
[0255] Figs. 11(a), 11(b), 11(c), 11(d), and 11(e) are time charts illustrating the second 
filtering. Fig, 11(a) is an illustration showing, for each cycle, image data sent to the 
filter calculator 31; Fig. 11(b) is an illustration showing image data fed from the filter 
qalciilator 31, Fig. 11(c) is an illustration showing an effective data-indicating signal 
from the filter calculator 31. Fig. 11 (d) i§ an illustration showing image data written 
by the data write unit 121 to the destination memory 11. Fig, 11(e) is an illustration 
showing a write-indicating signal from the edgewise pixel processor 32. 
[0256] Figs. 12(a), 12(b), 12(c), 12(d), and 12 (e) are time charts illustrating the third 
filtering. Fig, 12(a) is an illustration showing, for each cycle, image deita sent to the 
filler calculator 31. Fig. 12(b) is m illustration showing image dat^ fed fi-om the filter 
calculator 31. Fig, 12(c) is an illustration showing an effective data-indicating signal 
from the filter calculator 3 1 . Fig, 12(d) is an illustration showing image data written by 
the data write unit 121 to the destination memory 11. Fig, 12(e) is an illustration 
showing a write-indicating signal from the edgewise pixel processor 32. 
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[0257] The filtering steps ^re now described in the order of the first, second, and third 
filtering, in which the source memory 10 of Fig. 1 is adapted to store 
3-lines-by-64-pixels image data at maximum. 

[0258] Assume that each group of three-pixels-by-three-pixels image data is filtered, 
and further that a pixel located at the center of three pixels-by-three pixels has target 
image data subject to filtering, 

[0259] The first filtering is discussed with reference to Fig. 1, Fig. 3(a), Fig. 9, and 
Figs, 10(a) to 10(e). 

[0260] Steps taken until the filter calculator 31 of Fig. 9 feeds filtered image data D# 
and effective data-indicating signal "SE" are the same as the steps (see Figs. 5(a) to 5 
(c)) taken until the filter calculator 31 of Fig. 4 according to the previous embodiment 
feeds filtered image data D# and effective data-indicating signal "SE", Therefore, 
descriptions related to the above steps are omitted. 

[0261] However, befor? starting the first filtering, mode signal "SM" sets mode 
information "M" into the register 33 of Fig. 9. Mode information "M" prohibits feeding 
a rightmost piece of image data. Details of this step are discussed later. 
[0262] As illustrated in Fig. 10(b), the edgewise pixel processor 32 receives image data 
(N, 1), (FN, 2) to (FN, 63), and (N, 64) from the filter calculator 31 in accordance with 
eflective data-indicating signal "SE". 

[0263] As seen from Fig. 10(d), the edgewise pixel processor 32 feeds required image 
data (N, 1), (FN, 2) to (FN, 63) among the entered image data (N, 1), (FN, 2) to (FN, 
63), and (N, 64) into the data write ynit 121 in accordance with mode information "M" 
from the register 33. 

[0264] As seen from Fig. 10(d), the edgewise pixel processor 32 prohibits feeding 
unnecessary image data (N, 64) in accordance with mode information "M". 
[0265] Image data (FN, 2) to (FN, 63) among required image data (N, 1), (FN, 2) to 
(FN, 63) are filtered image data. 
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[0266] As shown in Fig. 10(e), the edgewise pixel processor 32 feeds write-indieaiting 
signal "SW", as well as the required image data (N, 1), (FN, 2) to (FN, 63), into the 
data write unit 121. 

[0267] The data write unit 121 writes required image data (N, 1), (FN, 2) to (FN, 63) in 
sequence to the destination memor>' 11 in accordance with write-indicating signal 
"SW" from the edgewise pixel processor 3?. 

[0268] The data write unit 121 writes the above image data when the write-indicating 
signal "SW" is at the level of "H (high)". 

[0269] Referring to Fig. 8 (a), as a result of the above edgewise pixel processing, only 
the required image data (N, 1), (FN, 2) to (FN, 63)^ not the unnecessary image data (N, 
64), are written to the destination memory 11. 

[0270] Image data (N, 1), (FN, 2) to (FN, 63) written to the destination memory 1 1 m 
transmitted to the image memory 2.- 

[0271] The second filtering is now discussed with reference to Fig. 1, Fig. 8(b), Fig, 9, 
and Figs. 11(a) to 11(e). 

[0272] Steps taken until the filter calculator 31 of Fig. 9 feeds filtered image data D# 
and effective data-indicating signal **SE" are the same as the steps (see Figs. 6(a) to 
6(c)) taken until the filter calculator 31 of Fig. 4 according to the previQus embodiment 
feeds filtered image data D# and effective data-indicating signal "SE". Therefore, 
descriptions related to the above steps are omitted. 

[0273] However, before starting the second filtering, mode signal "SM" sets mode 
information "M" into the register 33 of Fig. 9. Mode information "M" prohibits feeding 
rightmost and leftmost pieces of image data. Details of this step are discussed later. 
[0274] As illustrated in Fig. 11(b), the edgewise pixel processor 32 receives image data 
(N, 63), (FN, 64) to (FN, 125), and (N, 126) from the filter calculator 31 in accordance 
with effective data^indicating signal "SE". 

[0275] As seen from Fig. 11(d), the edgewise pixel processor 32 feeds required image 
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data (FN, 64) to (FN, 125) among the entered image data (N, 63), (FN, 64) to (FN, 
125), and (N, 126) into th^ data write unit 121 in accordance with mode information 
"M" from the register 33. The second filtering differs in mode information "M" from 
the first filtering. 

[0276] As seen from Fig, 11(d), the edgewise pixel processor 32 prohibits feeding 
unnecessary image data (N, 63) and (N, 126) in accordance with mode information 

[0277] The required iniage data (FN, 64) to (FN, 125) are filtered image data, 
[0278] As shown in Fig. 11(e), the edgewise pixel processor 32 feeds write^indipating 
signal "SW", as well as the required image dat^ (FN, 64) to (FN> 125), into the data 
write unit 121. 

[0279] Tiie data write unit 121 writes the required image data (FN, 64) to (FN, 125) in 
sequence to the destination memory 11 in accordance with write-^indicating signal 
"SW" from the edgewise pixel prpcessor 32. 

[0280] Referring to Fig. 8(b), as a result of the above edgewise pixel processing, the 
only the required image data (FN, 64) to (FN, 125), not the unnecessary image data (N, 
63) and (N, 126), are written to the destination memory 11. 

[0281] The image data (FN, 64) to (FN, 125) written to the destination memory 11 are 
transmitted to the image memory 2. 

[0282] The third filtering is now discussed with reference tp Fig. 1, Fig. 8(c), Fig. 9, 
and Figs. 12(a) to 12(e), 

[0283] Steps taken until the filter calculator 31 of Fig. 9 feeds filtered iniage data D# 
and effective data-indicating signal "SE" are the same as the steps (see Figs. 7(a) to 
7(c)) taken until the filter calculator 31 of Fig. 4 according to the previous embodiment 
feeds filtered image data P# and effective data-indicating signal "SE". Therefore, 
descriptions related to the above steps are omitted. 

[0284] However, mode signal "SM" sets mode information "M** into the register 33 of 
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Fig, 9 before the third filtering starts. Mode information "M" prohibits feeding a 
leflnipst piec^ of image data. Details of this step are discussed later. 
(0285] As illustrated in Fig. 12(b), the edgewise pixel processor 32 receives image data 
(N, 125), (FN, 126) to (FN, 175), and (N, 176) from the filter calculator 31 in 
accordance with effective data-indicating signal "SE". 

[0286] As seen from Fig. 12(d), the edgewise pixel processor 32 feeds required image 
data (FN, 1^6) to (FN, 175), and (N, 176) among the entered image data (N, 125), (FN, 
126) to (FN, 175), and (N, 176) in accordance with mode information "M" from the 
register 33. The third filtering differs in mode information "M" from the secpnd 
filtering. 

[0287] As seen from Fig. 12(d), the edgewise pixel processor 32 does not feed 
unnecessary image data (N, 125) in accordance with mode information "M". 
[0288] The image data (FN, 126) to (FN, 175) ampng the required image data (FN, 
126) to (FN, 175), and (N, 176) are filtered image data. 

[0289] As shown in Fig. 12(e), the edgewise pixel processor 32 feeds write-indicating 
signal "SW", as well a§ the required image data (FN, 126) to (FN, 175), and (N, J76), 
into the data write unit 121. 

[0290] The data write unit 121 writes the required image data (FN, 126) to (FN, 175), 
(N, 176) in sequence to the destination memory 11 in accordance with write-indicating 
signal "SW from the edgewise pixel processor 32. 

[0291] Referring to Fig. 8(c), as a result of the above edgewise pixel processing, only 
the required image data (FN, 126) to (FN, 175), (N, 176), not the unnecessary image 
data (N, 125), are written to the destination memory 11. 

[0292] The image data (FN, 126) to (FN, 175), and (N, 176) written to the destination 
memory 1 1 are transmitted to the image memory 2, 

[0293] As a result, the image memory 2 of Fig. 1 stores line data that consist of image 
data (N, 1), (FN, Z) to (FN, 1 75), and (N, 1 76). 
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[0294] In this way, an image output circuit (not shown) feeds a sueqessively created 

series of line data into a display device (not shpwn) frpni the image memory 2, thereby 

displaying the line data on the display device (not shown), 

[0295] The following discusses mode information "M*' as illustrated in Fig. 9, 

[0296] As shown in Fig. 9, the register 33 retains mode information "M" according to 

the entered mode signal "SM", 

[0297] Mode information "M" is free to change according to mode signal "SM". 
[0298] In the present embodiment, mode information "M" is §et before the first 
filtering to process edgewise pixels during the first tlltering. 
[0299] Mode infomation "M" is again set j^fter the first filtering to process the 
edgewise pixels during the second filtering. 

[0300] Mode information "M" is again set after the second filtering to process 
edgewise pixels during the third filtering, 

[0301] Mode signal "SM" is sent out by, e.g., a command from the processor 1. 
[0302] Details on mode information "M" of Fig. 9 are now discussed,' 
[0303] Figs. 13(a) to 13(d) are descriptive illustrations showing mode infonnation "M" 
settable in the register 33 of Fig, 9. Fig, 13(a) is a descriptive illustration showing 
mode information "M" pf mode 2'bOO, Fig. 13(b) is a descriptive illustration showing 
mode information "M" of mode 2'bOl. Fig. 13(c) is a descriptive illustration showing 
mode information "M" of mode 2'blO. Fig. 13(d) is a descriptive ill^str^tion showing 
mode information "M" of mode 2'b 1 1 . 

[0304] Figs. 13(a), 13(b), 13(c), and 13(d) iUustrate the filtering using 
three-pixels-by-six-pixels image data 1 to 18 that are stored in the source memory 10 
of Fig. L 

[0305] The filter calculator 31 of Fig. 9 feeds im^ge data 2, 5, 8, 1 1, 14, and 17 into the 
edgewise pixel processor 32. 

[0306] Mode 2'bOO is now discussed with reference to Fig. 13(a). Mode 2'bOO shows 
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that rightmost and leftmost pieces of image data 2. 17 among image data 2, 5, 8, 1 1, 14, 
^nd 17 from the filter calculator 31 are non-filtered image data required for display; 
and the remaining image data S, 8, 11, and 14 ar^ filtered imag? data. 
[0307] When mode signal "SM" sets mode information "M" of mode 2'bOO into the 
register 33, then the edgewise pixel processor 32 teeds all of the entered image data 2, 
S, 8, 1 1, 14, and 17 as well as write-indicating signal "SW", The write-lndicating signal 
"SW" writes all of the entered image dat^ 2, 5, 8, U, 14. and 17 to the de§tin8tipn 
memory IL 

[0308] Fig. 13(a) to Fig, 13(c) name tlie non-filtered image data required for display as 
"through-data". 

[0309] Mode 2*b00 is set when 3-lines-byT 176-pixels image data is transmitted to the 
source memory 10 to filter target image data subject to filtering, provided that a QCIF 
image is tp be processed, and further that each group of three pixels-by^hree pixels is 
to be filtered, 

[0310] Mode 2'bOl is now discu$sed with reference tp iPig. 13(b). Mode 2*b01 shows 
that image data 2 among image data 2, 5, 8, 11, 14, and 17 from the filter calculator 31 
is npn-filtered image data required for display; image data 5, 8, 11, and 14 are filtered 
image data; and the remaining image data 17 is unnecessary image data. 
[0311] When mode signal "SM" sets mode information "M" of mode 2'bOl into the 
register 33, then the edgewise pixel processor 32 feeds image data 2, 5, 8, 11, and 14 
ampng the entered image data 2, 5, 8, 1 1, 14, and 17, but does not feed image data 17- 
[0312] The edgewise pixel processor 32 feeds write-^indicating signal "SW" to the data 
write unit 121. The write-indicating signal "SW" allows the data write unit 121 to write 
only image data 2, 5, 8, 11, and 14 to the destination memory 11, 
[0313] Mode 2'bOl is set when, e.g., a rightmost piece of image data (N, 64) is not fed 
as illustrated in Fig. 10(d). 

[0314] As a result, the register 33 is set into mode 2'bOl dyring the first filtering. 
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[0315] Mode ?'blO is now discussed with reference to Fig. 13(c). Mode 2'blO show^ 

that image data 2 among Image dat^ 2, 5, 8, 1 1, 14, and 17 from the filter calculator 31 

is unnecessary image data; image data 5, 8, 11, and 14 are filtered image data; and the 

remaining image data 17 is non-filtered image data required for display. 

[0316] When mode signal "SM" sets mode information "M" of mode 2'blO into the 

register 33, then the edgewise pixel processor 32 feeds image data 5, 8, 11, 14, and 17 

among image data 2, 5, 8, 11, 14, and 17, but does not feed image data 2. 

[0317] The edgewise pixel processor 32 feeds write-indicating signal "SW" to the data 

write unit 121. The write-indjcating signal "SW" allows the data write unit 121 to write 

only image data 5, 8, 11, 14, and 17 to the destination memory 11. 

[0318] Mode 2*bl0 is set when, e,g., a leftmost piece of image data (N, 125) is not fed 

as illustrated in Fig. 12(d). 

[0319] As a result, the register 33 is set into mode 2'blO during the third filtering, 
[0320] Mode 2'bll is now discussed with reference to Fig. 13(d), Mode 2'bll shows 
that image data 2, 17 among image data 2, 5, 8, 11, 14, and 17 from the filter calculator 
3 J are unnecessary image data; and image data 5, 8, 1 1, and 14 are filtered image data, 
[0321] When mode signal "SM" sets mode information "M" of mode 2'bll into the 
register 33, then the edgewise pixel processor 32 feeds image data 5, 8, 11, and 14 
among image data 2, 5, 8, 1 1, 14, and 17, but does not feed image data 2 and 17, 
[0322] The edgewise pixel processor 32 feeds write-indicating signal "SW" to the data 
write unit 121 . The write-indicating signal "SW" allows the data write unit 121 to write 
only image data 5, 8, 11, and 14 to the destination memory 1 1 . 
[0323] Mode 2'bll is set when, e.g., rightmost and leftmost pieces of image data (N, 
63), (N, 126) are not fed as illustrated ip Fig. 11(d). 

[0324] As a result, the register 33 is set into mode 2*bl 1 during the second filtering. 
[0325] The following discusses mode information "M" with reference tp a specific 
example. 
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[0326] Figs. 14(a), 14(b), and 14(c) illustrate hovv mode information "M" is used. Fig. 
14(a) illustrates the use of mode T bOl. Fig. 14(b) illustrates the use of mode ThU. 
Fig. 14(c) illustrates the use of mode 2'blO. 

[0327] Figs. 14(a), 14(b), and 14(c) show, as an illustration, how 
three-pixels-by-six-pixels image data are filtered, 

[0328] As illustrated in Figs, 14 (a) to 14 (c), assume that the image memory 2 of Fig. 
1 stores image data 1 to 18. 

[0329] As shown in Fig, 14 (a), assume that image data 1 to 9 are transmitted to th^ 
source memory 10 of Fig. 1. 

[0330] At this time, the register 33 is set into mode 2*b01. A§ a result, the edgewise 
pixel processor 32 feeds only image data 2 and 5 among the entered image data 2, 5, 
and 8 from the filter calculator 3 1 . 

[0331] As illustrated in Fig. 14 (b), assume that image data 4 to 15 are transmitted to 
the source memory 10, 

[0332] At this time, the register 33 is set into mode 2'bll. As a result, the edgewise 
pixel processor 32 feeds only image data 8 §nd H among the entered image data 5, 8, 
11, and 14 from the filter calculator 3 1 . 

[0333] As shown in Fig. 14 (c), assume that image data 10 to 18 are transmitted to the 
source memory 10. 

[0334] At this time, the register 33 of Fjg. 9 is set into mode 2'blO. As a result, the 
edgewise pixel processor 32 feeds only image data 14 and 17 among the entered image 
data 1 1, 14, and 17 from the filter calculator 31. 

[0335] As described above, the image processor according to the present embodiment 
is possible to prepare line data in a reduced time because a group of filtered image data 
Is free of unnecessary image data (N, 64), (N, 63), (N, 126), and (N, 125), as illustrated 
in Fig. 8. The unnecessary image data (N, 64), (N, 63), (N, 126), and (N, 125) are 
produced in the course of filtering the target image data subject to filtering. 
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[033$] Th? image processor according to the present embodiment includes the 
construction of the image processor according to the previous embodiment, and 
consequently provides beneficial effects similar to those achieved in the previous 

embodiment. 

[0337] (Third Embodiment) 

[0338] An image processor according to a third embodiment includes a filtering circuit 
5 substituted for the filtering circuit 3 of Fig. 1. The filtering circuit 5 i$ discussed 
below. The image processor according to the present embodiment is simil£ir to the 
image processor of Fig. 1 except for the filtering circuit as Just discussed above. 
[0339] Fig. 15 is a block diagram illustrating the filtering circuit 5, As shown in Fig. 15, 
the filtering circuit 5 includes a pixel-retaining buffer unit 50, selectors 52, 53, and a 
selector cpntroUer 51, other than components of the filtering circuit 4 of Fig. 9. 
[0340] Filtering is now discussed in brief. 

[0341] Fig. 16 is a schematic illustration showing how the image processor according 
to the present embodiment is operable to filter target image data subject to filtering. Fig. 
16 is similar in notation to Fig. 2. 

[0342] As illustrated in Fig. 16, three^pixels^-by-five-pixels image data 101 obtained by 
dividing 3rlines-by-l 76-pixels image data 100 is transmitted to the source memory 10 
from the image memory 2 of Fig. 1. 

[0343] The source memory 10 feeds the image data 101 in sequence to the filtering 
circuit 5 for each piece of image data. 

[0344] The filtering circuit 5 filters a piece of target image data subject to filtering 
using the given three-pixels-by-three-pixels image data. 

[0345] In this way, the filtering circuit 5 filters all three pieces of target image data 
subject to filtering that are stored in the image data 101. 

[0346] When completing the present filtering, then th? filtering circuit 5 places image 
data 109 into the pixel-retaining buffer unit 50 for use at the time of the next filtering. 



35 



[0347] Subsequently, three-^pixels-by-four-pi?cels image data 106 obtained by dividing 
3 -lines-by- 176-pixels image data 100 is transmitted to the source memory 10 from the 
image memory 2. 

[0348] The filtering circuit 5 filters target image data subject to filtering using the 
image data 106 in the source memory 10 and the image data 109 in the pixel-retaining 
buflfer 50. 

[0349] The above steps are repeated to filter all pieces of target image data subject to 
filtering that are stored in 3-lineS'by^ 176-pixels image data lOQ. As a result, a line of 
filtered image data 105 is achieved. 

[0350] As previously discussed, when filtering the image data 101 is completed, then 
the filtering circuit 5 according to the present embodiment puts the image data 109 
among the image data 101 into the pixel-retaining buffer unit 50 in order to use the 
image data 109 at the time of the following filtering, 

[0351] This feature provides a smaller number of tim^s of transferring image data from 
the image memory 2 to the source memory 10 and a smaller number of times pf 
transferring image data from the source memory 10 to the filtering circuit 5, 
[0352] The following discusses details pf the filterinjg with reference to Figs. 1, 15, 17, 
and 18, in which the source memory 10 of Fig. 1 is adapted to store 
3-lines-by-64-pixels image data at maximuni. 

[0353] Assume that each group of three-pi?cels-by-three-pixe!s imag^ data is filtered, 
and further that a pixel located at the center pf three pixels-by-three pixels has target 
image data subject to filtering. 

[0354] Figs. 17(a), 17(b), and 17(c) are illustrations showing a flow of filtering steps. 
Fig. 17(a) is an illustration showing a flow of first filtering. Fig. 17(b) is an illustration 
showing a flow of second filtering. Fig. 17(c) is an illustratiori showing a flow pf third 
filtering. Fig. 17 illustrates the same reference numerals on components similar to 
those described in Fig. 1 . 
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[0355] Figs, 18(a), 18(b), and 18(c) are time charts showing chamct?ristics of the 
filtering according to the present embodiment Fig. 18(a) is an illustration showing 
how image data is transferred from a shift register 30 to the pixel-retaining buffer unit 
50 at the end of the first filtering. Fig. 18(b) is an illustration showing when the second 
filtering is started. Fig, i8(c) is an illustration showing image data written to a 
destination memory 1 1 from a data write iinit 121 . 

[0356] The first filtering is similar to that according to the second embodiment as 
illustrated in Figs. 10(a) to 10(e). Therefore, descriptions related thereto are omitted, 
[0357] However, the first filtering is followed by additional steps as discussed below 
when the first filtering is completed. 

[0358] As illustrated in Fig. 18(a), at the last cycle XY184" of the first filtering, 
flip-flops FFl to FF9 of the shift register 30 feeds image data (N-1, 62) to (N+1, ^4), 
respectively. 

[0359] Image dat§ (N4, 63), (N, 63) (N+1, 63). (N-l, 64), (N. 64), and (N+l, 64) 
among the above image data (N-1, 62) to (N+l, 64) are placed into the pixel-retaining 
buffer unit 50 for use at the time of the second filtering. 

[0360] More specifically, the pixel-retftining buffer unit 50 stores image data (N^l, 63), 
(N, 63), (N+l, 63), (N-l, 64). (N, 64), and (N+l, 64) that are supplied at the last cycle 
XY184'* from flip-flops FF4, FF5, FF6, FF7, FF8, and FF9, respectively. 
[0361] The second filtering is now described. After the first filtering ends, mode signal 
*'SM" sets up mode information -^M" (mode 2'bl 1 of Fig. 13 (d)) that prohibits feeding 
rightmost and leftmost pieces of image data. 

[0362] As illustrated in Fig. 17(b), image data 65), (N, 65), (N+l. 65) to (N4, 
126), (N, 126), and (N+l, 126) are transmitted to the source memory 10 from the image 
memory 2. 

[0363] At this time, image data (N^l, 63), (N, 63), (N+l, 63), (N-l, 64), (N, 64), and 
(N+l, 64) are not transmitted to the source memory 10. Instead, the second filtering 
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employs image dat£i (N^l, 63). (N, 63), (N+1, 63), (N-1, 64), (N, 64), and (N+l, 64). 
all of which ar^ retained in pixel-retaining buffer unit SQ. 

[0364] As shown in Fig, 18 (b), at the flr?t cycle "CY^I" of the second filtering, the 
flip-flop FF 9 feeds image datii 65) from the source memory 10. 
[0365] At cycle "CY#r*, the flip-flops FF3, FF6 feed image data (N-1, 63), (N-l, 64) 
frpm the pi)jel-reta|ning buffer unit 50, respectively. 

[0366] At the following cycle "€¥#2", flip-flop FF 9 feeds image data (N, 65) from 
the source memory 10, while flip-flop FF 8 feeds image data (N-1, 65) that is shifted 
from flip-flop FF 9. 

[0367] At cycle "CY#2", flip-flops FF3, FF6 feeds image data (N, 63), (N, 64) from 
the pixel-retEiining buffer unit 50, respectively, while flip-flops FF2, FF5 feeds im^ge 
data (N-l, 63), (N-1, 64) that are shifted from flip-flops FF3, FF6, respectively. 
[0368] At the following cycle "CY#3", flip-flop FF 9 feeds image data (N+1, 65) from 
the source memory 10, while flip-flops FF7, FF8 feed image data (N-1, 65), (N, 65) 
that are shifted from flip-flops FF8, FF9, respectively. 

[0369] At cycle "CY#3", flip-flops FF3, FF6 feeds image data (N+1, 63), (N+l, 64) 
from the pixel-retaining buffer unit 50, respectively, while flip-flops FFl, FF2, FF4, 
and FF5 feed image data (N-1, 63), (N, 63), (N-1,64), and (N. 64) that are shifted from 
flip-flops FF2, FF3. FF5, and FF6, respectively. 

[0370] At this time, as shown in Fig. 18 (c), the first filtered image data (FN, 64) i§ fed, 
Thereafter, usual shift actions similar to those according to the second embodiment are 
provided to fitter target image data subject to filtering. 

[0371] Similar to the first filtering, image data for use at the time of the third filtering 
are held in the pixel-retaining buffer unit 50 at the end of the second filtering. 
[0372] More specifically, when the second filteririg is terminated, then the 
pixeLretalning buffer unit 50 retains image data (N-1, 125), (N, 125), (N+1, 125), (N-1, 
126), (N, 126), and (N+1, 126) from flip-flops FF4, FF5, FF6, FF7, FF8, and FF9, 
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respectively. 

[0373] The third filtering is now described, Afit^r the end of the second filtering» mode 
signal "SM" sets up mode information "M" (mode 2'blO of Fig. 13(c)) that prohibits 
feeding a leftmost piece of image data, 

[0374] As shown in Fig. 17(c), image data 127), (N, 127), (N+1, 127) to (N-l, 
176), (N, 176), and (N+1, 176) are transmitted to the source memory 10 from the 
im^ge memory 2. 

[0375] At this time, image data (N.l, 125), (N, 125), (N+1, 125), (N^l, 126), (N, 126), 
and (N+1, 126) are not transmitted to the source memory 10. Instead, the third filtering 
employs image data (N-1, 125), (N, 125), (N+1, 125), (N-l, 126), (N, 126), and (N+1, 
126) that are held in the pixel-retaining buffer unit 50. 

[0376] In the third filtering, first to third cycles are similar to those in the second 
filtering. More specifically, the shift register 30 feeds image data from the source 
memory 10 and the pixel-retaining buffer unit 50 to filter target image data subject to 
filtering, The filtering at the fourth or greater cycles is similar to that according to the 
second embodiment. 

[0377] The following discusses, with reference to Fig. 15, details of image data 
transfer to the pixel-retaining buffer unit SO and detail^ of image data transfer from the 
pixel-retaining buffer unit SO to the shift register 30. 

[0378] Mode infonnation "M" currently held in the register 33 is sent to the selector 
controller 5 1 , 

[0379] The selector controller 51 produces selection signal "SC" based on mode 
information "M". The selection signal SC is provided to selectors 52 and 53. 
[0380] The selector 52 receives image data from the pixel-retaining buffer unit 50 and 
image data fron) flip-flop FF 4. 

[0381] The selector 52 selects either the image data from the pixel-retaining buffer unit 
50 or that from flip-flop FF 4 in accordance with selection signal "SC". The selector 52 
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feeds the selected image data into flip-flop FF 3. 

[0382] The selector 53 receives image data from the pixel-retaining buffer unit 50 and 
image data from flip-flop FF 7. 

[0383] The selector 53 selects either the image data from the pixel-retaining buffer unit 
50 or that from flip-flop FF 7 in accordance with selection signal "SC", The selector 53 
feeds the selected image data into the flip-flop FF 6. 

[0384] The above steps are now described with reference to Figs. 18(a) and 18(b), As 
illustrated in Fi|. 18(a), at cycle "CY184" of the first filtering, image data (N-1, 63), 
(N, 63), (N+1, 63), (N-l, 64), (N, 64), and (N+1, 64) from flip-flops FF4, FF5, FF6, 
FF7, FF8, and FF9 are held in the pixeUretaining buffer unit 50. 
[0385] As shown in Fig. 18(b), at cycle XY#1" of the second filtering, flip-flops FF3, 
FF6 feed image data (N-1, 63), (N-^l, 64), respectively. 

[0386] The selector 52 selects image data (N-1, 63) from the pixels-retaining buffer unit 
50 before cycle "CY#1" in accordance with selection signal "SC", and then fgeds the 
selected image data (N-1, 63) into flip-flop FF 3. 

[0387] The selector 53 selects image data (N-1, 64) from the pixel-retaining buffer unit 
50 before cycle "CY#r' in accordance with selection signal "SC", and then feeds the 
selected image data (N-1, 64) into flip-flop FF 6. 

[0388] As shown in Fig. 18 (b), at cycle "CY#2 flip-flops FF3, FF6 feed image data 
(N, 63), (N, 64), respectively. 

[0389] The selector 52 selects image data (N, 63) from the pixel-retaining buffer «nit 
50 before cycle "CY#2" in accordance vvith selection signal "SC", and then feeds the 
selected image data (N, 63) into flip-flop FF 3. 

[0390] The selector 53 selects irnage data (N, 64) from the pixel-retaining buffer unit 
50 before cycle "CY#2" in accordance with selection signal "SC'\ and then feeds the 
selected image data (N, 64) into flip-flop FF 6, 

[0391] As illustrated in Fig, 18 (b), at cycle "CY#3•^ flip-flops FF3, FF6 feeds image 
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data (N+1, 63), (N+1, 64), respectively. 

[0392] The selector 52 selects image data (N+l, 03) from the pixel-retaining biiffer 
ijnit 50 before cycle "CY#3" in accordance with selection signal "SC", and then feeds 
the selected image data (N-f 1, 63) into flip-flop FF 3. 

[0393] The selector 53 selects image data (N+l, 64) from the pixel-retaining buffer 
unit 50 before cycle "CY#3-* in accordance with selection signal "SC", and then feeds 
the selected image data (N+1 , 64) into flip-flop FF 6. 

[0394] Thereafter, the selectors 52, 53 select, in accordance with selection signal '-SC", 
respective pieces of image data that flip-flops FF4, FF7 feed. 

[0395] A? previously discussed, the image processor according the present 
embodiment is operable to retain image data required for use at the time of the next 
filtering when the present filtering is terminated. As a result, the retained image data 
are usable at the time of the next filtering. This feature provides a reduced number of 
times of transferring the data. 

[0396] The image processor according to the present embodiment includes the 
construction of the image processor according to the second embodiment. Therefore, 
the image processor according to the present embodiment provides beneficial effects 
similar to those obtained in the second embodiment. 
[0397] (Fourth Embodiment) 

[0398] An image processor according to a fourth embodiment includes a filtering 
circuit 6 substituted for the filtering circuit 3 of Fig. 1. The filtering circuit 6 is 
discussed below, The image processor according to the present embodiment is similar 
in construction to the image processor of Fig. 1 except for the filtering circuit as just 
discussed above. 

[0399] Fig. 19 is a block diagram illustrating the filtering circuit 6. Fig, 19 illustrates 
the same reference characters on components similar to those described in Fig, 9. 
[0400] As illustrated in Fig. 19, the filtering circuit 6 includes a data output control unit 
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81 that is substituted for the data output control unit 80 of Fig. 9. 

[0401] The data output control unit 81 includes a down counter 62, a coinpidence 

detector 61, and an edgewise pixel processor 32. 

[0402] Pixel number-setting signal "SN" enters the down counter 62 and coincidence 
detector 61 in re^pgnse to, e.g., instructions from the processor 1 before the filtering 
starts. As a result, the number of pixels for one line is set as initial valu^ in the do\yn 
counter 62 and coincidence detector 61. 

[0403] The down counter 62 counts down each time when the edgewise pixel 
processor 32 feeds image data P$. 

[0404] More specifically, the down counter 62 provides a countdown each time when 
the edgewise pixel processor 32 feeds write^indicatittg signal "SW" having a "H"-level 
into the down counter 62. 

[0405] The down counter 62 feeds countdown signal "SD" into the coincidence 
detector 61. Countdown signal "SD" shows the number of the count. 
[0406] The coincidence detector 61 compares the nuniber of pixels, set up by pixel 
number-setting signal "SN", with the number of count that is expressed by countdown 
signal "SP'*. When the number of pixels is coincident with the number of count, then 
the coincidence detector 61 feeds coincidence signal "SA" having a "H"-level into the 
edgewise pixel processor 32. 

[0407] The coincidence detector 61 feeds coincidence signal "SA" having "H"-level 
into the edgewise pixel processor 32 when countdown signal "SP" names the number 
of count as "1". 

[0408] As a result, coincidence signal "SA" haying "H'*-level is sent out only before 
the first and last image data "D$" are fed from the edgewise pixel processor 32. 
[0409] The edgewise pixel processor 32 feeds the entered image data when 
coincidence signal "SA" having "H"-level enters the edgewise pixel processor 32, 
when coincidence signal "SA" having "L"-level, not filtering start signal "Ss", enters 
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the edgewise pixel processor 32, and when coincidence signal "SA" having "L"'level, 
not filtering end signal "Se", enters the edgewise piwl processor 32. 
[04 10] The edgewise pixel processor 32 does not feed the entered image data when 
coincidence signal "SA" having "L"-level as well as filtering start signal "Ss" enters 
the edgewise pixel processor 32, and when coincidence signal "SA" having "L"'-level 
as well as filtering end signal "Se" enters the edgewise pixel processor 32. Specific 
examples of the above are discussed later. 

[0411] The edgewise pixel processor 32 feeds a write-indicating signal having 
"H"-level when coincidence signal "SA" having "H"-level enters the edgewise pixel 
processor 32, when coincidence signal "SA" having "L"-level, not filtering start signal 
"Ss", enters the edgewise pixel processor 32, and when coincidence signal "SA" 
having "L"-level, not filtering end signal "Se", enters the edgewise pixel processor 32. 
[0412] The edgewise pixel processor 32 dqes not feed the v/rite-indicating signal 
having "H"-level when coincidence signal "SA" having "L"-level as well as filtering 
start signal "Ss" enters the edgewise pixel processor 32, and when coincidence signal 
"SA" having "L"^level as well as filtering end signal "Se" enters the edgewise pixel 
processor 32. Specific examples of the above are discussed later. 
[0413] Features of the filtering according to the present embodiment are now described 
in brief. 

[0414] Fig. 20 is a schematic illustration shovying how the image processor according 
to the present embodiment is operable to filter target image data subject to filtering. 
[04 15] Fig, 20 is similar in notation to Fig. 2. 

[0416] As illustrated in Fig. 20, pursuant to the present embodiment, 176-pixels of one 
line are set in the down counter 62. 

[0417] The down counter 62 counts downward by "1" every time when the edgewise 
pixel processor 32 feeds image data "P$". 

[0418] The data output control unit 81 feeds only required image data "$" among the 
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entered image data in accordance with infonriation from the down counter 62» 
[0419] In this way, the edgewise pixel-processing of 3'lines-by-176-pix;els image data 
is schievable only by at first setting the number of pixels for one line Into the down 
counter 62. 

[0420] According to the seppnd embodiment, mode inliormation M is set up three times 
in order to perform the edgewise pixel-processing of 3-1 ines^by- 176-pixels imajge data. 
[0421] Details of the filtering are now discussed. 

[0422] The following description presupposes that the source memory 10 of Fig, 1 is 

capable of storing 3-lines-by-64-pixels image data at maximum. 

[0423] Each group of three-pixels-by-three-pixels image data i§ filtered. A pixel 

located at the center of three pixels-by-three pixels has target image data subject to 

filtering. 

[0424] Figs, 21(a), 21(b), and 21(c) are illustrations showing a flow of filtering steps. 
Fig. 21(a) is an illustration showing a flow of the first filtering. Fig. 21(b) is an 
illustration showing a flow of the second filtering. Fig, 21(c) is an illustration showing 
a flow of the third filtering. 

[0425] Figs. 21 (a), 21(b), and 21(c) provide the same reference characters of 
components similar to those described in Fig. 1 . 

[0426] Figs. 22(a), 22(b), 22(c), 22(d), 22(e), and 22(f) are time charts illustrating the 
first filtering. Fig. 22(a) is an illustration showing, for each cycle, image data sent to 
the filter calculator 31 of Fig. 19. Fig. 22(b) is an illustration showing the number of 
count provided by the down counter 62. Fig. 22(c) is an illustration showing image 
data fed from the filter calculator 31. Fig. 22(d) is an illustration showing an effective 
data-indicating signal from the filter calculator 31, Fig. 22(e) is an illustration showing 
image data written by ^ data write unit 121 to a destination memory 11. Fig, 22(f) is an 
illustration showing a write-indicating signal fed from the edgewise pixel processor 32, 
[0427] Figs, 23(a), 23(b), 23(c), 23(d), 23(e), and 23(f) are time charts illustrating the 
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second filtering. Fig. ^3(a) is an illustration showing, for each cycle, image cJata sent to 
the filter calculator 31, Fig. 23(b) is an illustration showing the number of count 
provided by the down counter 62. Fig. 23(c) is an illustration showing image data fed 
from the filter calculator 31. Fig. 23(d) is an illustration showing an effective 
data-indicating signal from the filter calculator 31. Fig. 23(e) is an illustration showing 
image dat^ written by th^ data write unit 121 to the destination memory 11, Fig, ?3(f) 
is an illustrfition showing a write-indicating signal from the edgewise pixel processor 
32. 

[0428] Figs. 24(a). 24(b). 24(c), 24(d). 24(e), and 24(f) are time charts illustrating the 
third filtering. Fig. 24(a) is an illustration showing, for each cycle, image data sent to 
the filter calculator 31. Fig. 24(b) is an illustration showing the number of count 
provided by the down counter 62. Fig. 24(c) is an illustration showing image data fed 
from the filter calculator 31. Fig. 24(d) is an illustration showing an effective 
data-indicating signal from the filter calculator 31. Fig. 24(e) is an illustration showing 
image data written by the data write unit 121 to the destination memory 11. Fig, 24(f) 
is an illustration showing a write-indicating signal from the edgewise pixel processor 
32. 

[0429] The first filtering is now described with reference to Fig, 1, Fig. 19, Fig, 21(a), 
and Figs. 22(a) to 22(f). 

[0430] Steps taken until the filter calculator 31 feeds filtered image data "D#" and 
effective data*^lndicating signal "SW' the same as those (see Fig. S(a) to S(c)) taken 
until the filter calculator 31 of Fig. 4 according to the first embodiment feeds filtered 
image data "D#" and effective data^indicating signal "SE". 

[0431] As illustrated in Fig. 19, pixel number-setting signal "SN" sets "176"-pixels for 
one line into the down counter 62 and the coincidence detector 61 before the first 
filtering. 

[0432] As shown jn Fig. 22(b), the down counter 62 initially feeds countdown signal 
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"SP" to the coincidence detector 61. Countdown signal "SP" expresses the number of 
count, "176". 

[0433] At this time, the number of pixels, "176", set up by pixel number-setting signal 
"SN" is coincident with the number of the count, "176", expressed by coiintdown 
signal "SD". As a result, the coincidence detector 61 feeds coincidence signal "SA" 
having "H"-level into the edgewise pixel processor 32, 

[0434] As shown in Fig. 22(e) and 22(f), the edgewise pix?l processor 32 in receipt pf 
coincidence signal "SA" feeds image data (N, I) from the filter calculator 31 and 
write-indicating signal "SW" having "H"-level. 

[0435] The edgewis? pixel processor 32 feeds write-indicating signal "SW" having 
"H"-level into the down counter 62, 

[0436] The down counter 62 counts down by one from the initial value "176". As 
illustrated in Fig. 22(b), the down CQunter 62 feed3 countdown signal "SD" 
representative of the number of the count, "175", into the coincidence detector 61 , 
[0437] At this time, the number of pixels, "176", set up by pixel number-setting signal 
"SN" does not coincide with the number of the count, "175", expressed by countdown 
signal "SD". As a result, the coincidence detector 61 feeds coincidence signal "SA" 
having "L"-level. 

[0438] As shown in Fig, 22(e) and 22(f), the edgewise pixel processor 32 feeds filtered 
image data (FN, 2) from the filter calculator 31 and write-indicating signal "SW" 
having "H/^level. 

[0439] As illustrated in Fig, 22(f), the edgewise pixel processor 32 feeds 
write-indicating signal "SW" having "H"-level into the down counter 62. 
[0440] Thereafter, the coincidence detector 61 continues to feed coincidence signal 
"SA" having "L"-level. As illustrated in Fig. 22(e), the edgewise pixel processor 32 
feeds filtered image data (FN, 3) to (FN, 63) from the filter calculator 31 into the data 
write unit 121. 
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[0441] As illustrated in Fig. 22(f), the edgewise pixel processor 32 fee(ls 
write-indicating signal "SW" having '-H'^-level into the data write unit 121 while 
feeding the filtered image data (FN, 3) to (FN, 63) into the data write unit 121. 
[0442] A data readout unit 120 feeds filtering end signal "Se" into the edgewise pixel 
processor 32 after the edgewise pixel processor 32 feeds filtered image data (FN, 63) 
into the data write unit 121 . 

[0443] As illustre^ted in Fig. 22(e), th^ edgewise pixel processor 32 in receipt of 
filtering end signal "Se" and coincidence signal "SA" having "L"-level does not feed 
the last image data (N, 64) from the filter calculator 3 1 , 

[0444] As illustrated in Fig, 22(f), the edgewise pixel processor 32 in receipt of 
filtering end signal "Se" and coincidence signal "SA" having "L"r^level does not feed 
write-indicating signal "SW" having "H"-level. 

[0445] As a result, the down counter 62 does not count down, and the number of the 
count at the end of the first filtering is "113". 

[0446] Consequently, as illustrated in Fig. 21(a), only the required image data (N, !)» 
(FN, 2) to (FN, 63)j not the unnecessary image data (N, 64), are written to the 
destination memory 11. 

[0447] The image data (N, 1), (FN, 2) to (FN, 63) written to the destination memory 1 1 
are transferred to the image memory 2. 

[0448] The second filtering is now discussed with reference to Fig. I, Fig, 19, Fig. 
21(b), and Fig. 23(a) to 23(f). 

[0449] Steps taken until the filter calculator 31 feeds filtered image data "D#" and 
effective data-indicating signal "SE" are the same as those (see Fig. 6(a) to 6(c)) taken 
until the filter calculator 3 1 of Fig. 4 according to the first embodiment feeds filtered 
image data "D#" and effective data-indicating signal "SE". Therefore, descriptions 
related thereto are omitted. 

[0450] As illustrated in Figs. 23(c) and 23(d), the edgewise pixel processor 32 receives 
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image data (N, 63), (FN, 64) to (FN, 125), and (N, 126) from the filter calculator 3 1 in 
accordance with effective data-indicating signal "SE". 

[0451] At this timej the number of pixels, "176", set up by the pi??e! number-setting 
signal "SN" as illustrated in Fig. 23(b) does not coincide with the number of count 
shown by countdown signal "SD", The coincidence detector 61 feeds coincidence 
sign?il "SA" having "L"-level into the edgewise pixel processpr 32. 
[0452] In order to start the second filtering, the data readout unit 120 feeds filtering 
start signal "Ss" into the edgewise pixel processor 32. 

[0453] As shown in Fig. 23(e), the edgewise pixel processor 32 in receipt of filtering 
start signal "Ss" and coincidence signal "SA" having "L^-l^vel does not feed im^ge 
data (N, 63) that is initially fed from the filter calculator 31 into the edgewise pixel 
processor 32. 

[0454] As shown in Fig. 23(f), the edgewise pixel processor 32 in receipt of filtering 
start signal "Ss" and coincidence signal "SA" having '%"-level does not feed 
write-indicating signal "SW" having "H"-level. 

[0455] As a result, th^ down counter 62 performs no countdown, At this time, the 
number of the count is still "113", as shown in Fig. 23(b). 

[0456] Thereafter, coincidence signal "SA" having "L"-level, not filtering start signal 
"Ss", enters the edgewise pixel processor 32. As illustrated in Fig. 23(e), the edgewise 
pixel processor 32 feeds filtered irnage data (FN, 64) to (FN, 125) from the filter 
calculator 31. 

[0457] As shown in Fig. 23(f), the edgewise pixel processor 32 feeds write-iridicating 
signal "SW" having "H"-level to the data write unit 121 while feeding the filtered 
image data (FN, 64) to (FN, 125) into the data write unit 121. 
[0458] The data readout unit 1^0 feeds filtering end signal "Se" into the edgewise pixel 
processor 32 after the edgewis? pixel processor 32 feeds the filtered im^ge data (FN, 
125), as shown in Fig, 23 (e). 
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[0459] As illustrated in Fig. 23(e), the edgewise pixel processor 32 in receipt of 
filtering end signal "Se" and coincidence signal "SA" having "L'Mevel does not feed 
image data (N, 1 26) that is the last image dfita fed from the filter calculator 3 1 . 
[0460] As illustrated in Fig. 23(f), the edgewise pixel processor 32 in receipt of 
filtering end signal "Se" and coincidence signal "SA" having "L*VleveJ does not feed 
write-indicating signal "SW" having "H"-leve|. 

[0461] As a result, the down counter 62 performs no countdown, and the number of the 
count at the end of the second filtering is "51". 

[0462] Conseqviently, as illustrated in Fig. 21(b), only th@ reqiiired image data (FN, 64) 
to (FN, 125), not the unnecessary image data (N, 63) and (N, 126), are written to the 
destination memory 11, 

[0463] The image data (FN, 64) to (FN, 125) written to the destination memory 1 1 are 
transmitted to the image memory 2. 

[0464] The third filtering is now discMSsed with reference to Fig. 1, Fig. 19, Fig. 21(c), 
and Fig. 24(a) to 24(f). 

[0465] Steps taken until the filter calculator 31 feeds filtered image data "D#" and 
effective data-indicating signal "SE" are the same as those (see Fig. 7(a) to 7(c)) taken 
until the filter calculator 31 of Fig, 4 according to the first embodiment feeds filtered 
image data "D#" and effective data-indicating signal "SE". Therefore, descriptions 
related thereto are omitted. 

[0466] As illustrated in Figs. 24(q) and 24(d), the edgewise pixel processor 32 receives 
image data (N, 125), (FN, 126) to (FN, 175), and (N, 176) from the filter calculator 31 
in accordance with effective data-indicating signal "SE". 

[0467] At this time, the number of pixels, "176", set up by the pixel number-setting 
signal "SN" as illustrated in Fig. 24(b) does not coincide with the number of the count 
shown by countdown signal "SP". The coincidence detector 61 feeds coincidence 
signal "SA" having "L"-level to the edgewise pixel processor 32. 
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[0468] In order to start the third filtering, the data readout unit 120 fe^ds filtering start 
signal "S§" to the edgewise pixel processor 32. 

[0469] As shown in Fig, 24(eX the edgewise pixel processor 32 in receipt of filtering 
start signal "Ss" and coincidence signal "SA" having "L"-level does not feed image 
data (N, 125) that is the first image data fed into the edgewise pixel processor 32 from 
the filter calculator 3 1 . 

[0470] As shown in Fig. ?4(f), the edgewise pixel processor 32 in receipt of filtering 
start signal "Ss" and coincidence signal "SA" having "L"-level does not feed 
write-indicating signal "SW" having "H"-level. 

[0471] As a result, the down counter 62 perform^ no countdown, At this time, the 
number of the count is still "5 1 as shown in Fig. 24(b). 

[0472] Thereafter, coincidence signal "SA" having "L"-leveI, not filtering start signal 
"Ss", enters the edgewise pixel processor 32. As illustrated in Fig. 24(e), the edgewise 
pixel processor 32 feeds filtered image data (FN, 12$) to (FN, 175) from the filter 
calculator 31. 

[0473] As shown in Fig. 24(f), the edgewise pixel processor 32 feeds write-indicatirig 

signal "SW" having "H"-level to the data write unit 121. while feeding the filtered 

image data (FN, 126) to (FN, 175) into the data write unit 121. 

[0474] The down counter 62 provides the number of the count, "1", after the edgewis? 

pixel processor 32 feeds filtered image data (FN, 175), as shown in Fig. 24(b). 

[0475] As a result, countdown signal "SD" representative Qf the number of the count? 

"1", enters the coincidence detector 61. The coincidence detector 61 feeds coincidence 

signal "SA" having "H"-level to the edgewise pixel processor 32, 

[047^] As illustrated in Fig. 24(e), the edgewise pixel processor 32 in receipt of 

cpinpidence signal "SA" having "H"-level feeds image data (N, 126) that is the last 

image data coming from the filter calculator 31 to the edgewise pixel processor 32. 

[0477] As illustrated in Fip. 24(f), the edgewise pixel processor 32 in receipt of 
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coincidence signal "SA" having "H'Mevel feeds write-indicating signal "SW" having 
"H"-level. 

[0478] Consequently, as illustrated in Fig. 21(c), only the required image data (FN, 
126) to (FN, 175), and (N, 176), not the unnecessary image data (N, 125), are written 
to the destination memory 11, 

[0479] The image data (FN, 126) tq (FN, 175), and (N, 176) written tg the destination 
memory 1 1 are transmitted to the image memory 2. 

[0480] As described above, the image processor according to the present embodiment 
is possible to prepare line data in a reduced time because ^ group of filtered image data 
is free of unnecessary image data (N, 64), (N^ 63), (N, 126), and (N, 125), which are 
produced in the course of filtering the target image data subject to filtering. 
[0481] The image processor according to the present embodiment initially sets up the 
number of pixels to be filtered. Such a simple setup provides subsequent edgewise 
pixel processing, This feature make it feasible to set up edgewise pixel-processing 
information a smaller number of times. 

[0482] The image processor according to the present embodiment includes the 
construction of that according to the first embodiment. Therefore, the image processor 
according to the present embodiment provides beneficial effects similar to those 
obtained in the first embodiment. 

[0483] Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be eflFected 
therein by one skilled in the art without departing from the scope or spirit of the 
invention as defined in the appended claims. 
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